3. CTATUYECKHU HEONIPEAEJINMBIE CUCTEMbI

Cratudecku HEONPEIEeTMMBIMUA HA3bIBAKOT CUCTEMBI, ISl OMPENEIICHUS YCUIINM
BO BCEX DJIEMEHTAaX KOTOPbIX, YpaBHEHUN paBHOBeCUs (YCIOBHM CTaTUKHK) HEAOCTA-
TOYHO. J{ONOJHUTENBHBIMU SIBJISIFOTCSI YCIIOBHUSI COBMECTHOCTH InepeMmenieHui. Jlo-
MOJIHUTENbHBIX YPABHEHUHN JOJIKHO OBITh COCTABJIEHO CTOJIBKO CKOJIBKO HE XBaTaeT
YpaBHEHUI paBHOBECHs. B 3THX JOMOJHUTENBHBIX YCIOBUSX MEPEMEIICHUS BbIpa-
KAKOT yepe3 ycwins no 3akoHy ['yka. I[103ToMy 4KCIIO HEM3BECTHBIX CTAHOBUTCS
pPaBHBIM OOIIEMY YHCIYy YpPaBHEHUH M CUCTEMa ypaBHEHUU IpeBpallaeTcs B pas-
pPELINMYIO.

[Ipu pacuére craTUYECKH HEONIPEACIMMOM CUCTEMBI METOJIOM CHJI UCIIOJIb3YETCS
TaK Ha3blBaeMasi OCHOBHas (1o e€ ponu B pacuére) cucrema. OHa moixy4yaercst oT-
OpacbIBaHMEM M3 33JJaHHOUM CHUCTEMBI CBSI3€l KaK Obl JIMIIHUX C TOYKU 3PEHUS Ie0-
METPUYECKON HEM3MEHSEMOCTH. B 3TOM OCHOBHOW CHCTEME BBIUUCISIOT IEpEMe-
IICHUS 110 HAIIPABJICHNUIO OTOPOIIEHHBIX CBSI3€H OT/EIBHO OT BHEIIHUX HArpy3o0kK U
OT HEU3BECTHBIX YCWJINH, 3aMEHUBLINX OTOPOIIEHHBIEC CBA3M. 3aTEM CyMMY Iepe-
MELIEHUH 10 HAIIPaBJICHUIO KaXKI0r0 HEU3BECTHOIO IPUPABHUBAIOT HYJIIO, TAK KaK
B 3a/IaHHOM CHCTEME 31eChb HAXOAUJIach CBSA3b. DTUM 00ECIeUNBAETCS 3KBUBAJICHT-
HOCTb OCHOBHOW CHCTE€MBI 3aIaHHOM. UHCIO0 ypaBHEHHMII COBMECTHOCTH II€peMe-
IICHUH CTaHOBUTCS PaBHBIM UYHUCIY YCWJIMH B OTOpPOIICHHBIX CBS3MX W CHUCTEMa
YpaBHEHUH NPEBPAILAETCS B pa3pelIMMyo U 0€3 ypaBHEHHI paBHOBECHS.

3.1. PACKPBITUE CTATUYECKOM HEOITPEJIEJIMMOCTH CUCTEM METOJIOM CHJI

OO0t MopsIAOK pacyeTa pacCCMOTPUM Ha MpUMEPE TIOCKOUM pambl, n300pa-
»eHHo# Ha puc.3.1. Cucrema npeacTaBisieT co00M CIIOMIHON JUCK 0€3 MPOMEXY-
TOYHBIX [IAPHUPOB U 3AMKHYTBIX KOHTYPOB U UMEET LIECTh BHELIHUX CBS3€H, 3HA-
YUT OHA TPHIKJIBI CTATHYECKU Heompeaenanma. CuctemMa KaHOHUYECKUX YPAaBHEHHM
UMeEeT BUJ

O011X1 + 019Xy +013x3 + Ay, =0;
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Ha puc.3.3
. 1=2n 1 — J{7151 TOCTPOCHUS TPY30BOM SITHOPHI

OIpeIeSIUM OIOPHYIO peakiuio R,
Puc.3.1



d>Mg=q-2l-1-Rpyh=0;

7 RA:lq-Z-Zh-2h=8qh.
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3HaueHue MOMEHTA B y3iie B
X Mg =8gh-h=2q-1-1=8gh?.
i moctpoenus >mopel M, onipene
X2 JIMM OTIOpHYIO peakiuio R ,
b x, S Mg =x,2h—Rpyh =0 - Ry = X,2 = 2.
Puc.3.2

3HadyeHune MoOMeHTa B y3iie B M5 = x,2h =R h = 2h.

Eme npore noctpoeHue 3mop MiuMs.
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Koa¢ddunmenTs! cucteMsl ypaBHEHUH Ok U A j; OIIPEIEIUM IEPEMHOXKAsS JIII0-

pbl. B Hamem ciydae Bce K03 uimeHTsl OyayT HE pPaBHBI HYJIIO U HY>KHO pelliaTh
CUCTEMY U3 TPEX YPABHEHHU C TPEMsI HEU3BECTHBIMH.

Ho nannyto 3a1a4y MOKHO pelIuTh mpoiie. J(eno B TOM, YTO BHYTPEHHHUE YCUITUS B
CBOOOIHOM KOHCOMU 1-3 HE 3aBUCAT OT YCUIIUM B OCTalIbHOM pame. Cuiibl, 1eUCT-
BYIOIIIME Ha KOHCOJIb TIepeHeceM B y3en 1 (puc.3.4).
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Pama npeBpaTuiiack B CHMMETPUYHYIO U €€ MOXKHO PACCUUTATD C YIETOM CUMMET-

pun. OCHOBHAsl CUCTEMA M €UHUYHBIC SMIOPHI MOKa3aHbl Ha puc.3.5. ' py3oBad
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Boruucinum ko3¢ UiueHTs Ipu HEU3BECTHBIX

X1 =1 /' 3 =1 CUCTCMBI ypaBHCHHﬁ, HepeMHO}KaH CIANHWYHBIC
_— BHIOPBI I10 HpaBI/IJIy BepemarHHa:
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01,=0,3=0, Tak Kak 3mopa M, kococumMmMeTpuuHasi,a M; 1 M3 CHMMETpUYHBI.
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J{nst mpoBepKU MPABUIBLHOCTH ATUX BBIYUCICHUN TOCTPOUM CYMMAapHYIO €1-
HUYHYIO 3mropy (puc.3.6). Hampumep, Ha yaactke C-2
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DM, =M +x4 +x12—X22=0;

Z :O—>M:1D—1:D—1;
2 2

Z=2h —)M:g—1—12h:—1,5h—1.

Tak kak BeIYUCIICHHSI B OOIIIEM BUJIC V)K€ 3aTPyIHUTEIBHBI, MpUMeM N = 2 M.
[TepeMHOXHM CyMMapHYIO €IUHUYHYIO S3IIOPY caMy Ha ceOs

asszi(le-z g6+£2-2-E-2 E42 4) —( 4424 4.2. 4+14 4.
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KoaddurmenTs! npu HEM3BECTHBIX BHIYUCIEHBI . [IJ1s1 BBIUKMCICHUS! CBOOOTHBIX
4IeHOB d1t0py M, Ha yuacTke B; (puc.3.3) pazoObeM Ha mpocTeiiue
burypsl (puc.3.7): IpIMOYTOIbHUK, TPEYTOJIbHUK M KBAJIPATUYHYIO IMapadoiy.
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Puc. 3.7.
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11, 5,2, 1 ) 1, . 1. .5 22 gh®
A, =——=8gh’hZ1————(2gh?2h1+=4gh?2h1+=2gh?2h1) = -2
T g2 g 2EJ(q 2 3] ) 3 EJ

[Tpuaumaem g = 10 kH/m, Torna
2gh? =80;gh* =160; 4gh? =160; gh® = 80.
160 11 160 22 80 8800

EJ 3EJ 3EJ 3EJ
[TepemHOkaeM rpy30BYIO 3MIOPY HA CYMMAPHYIO €IUHUYHYIO.
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CBO6OI[HBIC YJIEHBI CHCTEMBI YPABHEHUI BBIYMCIIEHBI BEPHO.
Boluuciennsie 3Ha4€HUs KO3(PPUIHUEHTOB MOICTABIIIEM B UICXOAHYIO CUCTEMY

Alp ‘+‘A2p +A3p :—11

YpaBHEHUI
Eixl 10 4 Xs 11@:0;
3 EJ 3 EJ EJ
38 11160 .
4E)? 3E)
10 4 11 2 22 80
Xt Xy ——
3 EJ 3 EJ 3 EJ

cHCTeMa ypaBHEHHUH pacmajnachk x, = 97,78 kH, HyXHO pemiaTh BCero /1Ba ypaBHe-
HUS C IByMsI HEU3BECTHBIMH (OTMETHM TaK)Ke, YTO M CaMH BBIYUCIICHUS K03 Du-
IIUEHTOB OBLIM IPOIIE, YeM B O0IIEM CiIydae).

32x; +10x53 =1320;

20x; +11x; =880.

x3=11,59 xH, x;=137,63 xH.
ITo nosry4eHHBIM 3HAYEHHUSM OCHOBHBIX HEU3BECTHBIX CTPOMM OKOHYATENb-

Hyt0 smopy M (puc.3.8). 29,37 11,59 (x3)
X3

23 / 9778 (v2), 37 63 (x)
80 _—86,19
\ 80

109,37~ —




[Ipomte 310 caenarthb, CIOKHUB IPY30BYIO AMIOPY C UCITPABICHHBIMHA € IUHUYHBIMHU.
IIpoBepuM paBHOBecHE y3ia |
> M, =80+ 29,37 —109,37 = 0, npoBepKa BbINOIHIETCS.

[IpousBeneM nedopMalMOHHYIO IPOBEPKY, IEPEMHOKUM OKOHYATEIBHYIO

smopy M Ha nepByro eIMHUYHY0 M1

~ 1 Lepa1.0%44 2
EJ 2 3 6-2EJ
224+ L Leasza2a_ L g619.4141 1 34300-34301~0,
3 2EJ2 3 2EJ 3 2
IIPOBEPKA BBINIOJIHACTCS.
HpI/I HOCTpOCHI/II/I OKOHYATCJIIbHbBIX BHIOp HOHCquHBIX nu HpOI[OJ'IBHBIX CHUJIl YI[O6HCC

BOCITOJIB30BAThCS METOOM ceueHu (puc.3.9). Jlns neBoil yacTu pamsbi:

(-6011-4+4-4,63-2)+ 1 le43s.
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Puc.3.9
> Mg =Rph+402h+80+102hh —97,782—37,63- 2h—-11,59 =0;
1 1 1

Ra = 97,785 +37,63-2 +11’59H —40-2-80 P —10-2h =-30,05 kH.

JIns1 mpaBoy 4yacTH pamsl:

> M =Rph+ 97,782 —11,59 - 37,63-2h = 0;

Rp =37,63-2+11,59 %— 97,78 % =32,17 xH.

Hampumep, Ha yuactke B-1



>Z=N-97,78=0—> N =97,78 kH;
>y=0Q+37,63-40-qz=0;
Q=40+qz-37,63;
Z=0—->Q=40-37,63=2,37kH;
Z=4—-5Q=237+10-4=42,37 xH.

Emé nporre onpenennTs BHyTpEeHHUE YCUIIMA Ha APYTUX ydacTkax. OKoHYaTelb-
Heie smopel Q u N uzo6paxens Ha puc.3.10.
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Puc.3.10

Takum 00pa3om, UMest 3HAYCHUSI OCHOBHBIX HEM3BECTHBIX MbI OTIPEICTINUM BHYT-
PEHHUE YCHUJIUS MPU MTOMOIIM YPAaBHEHUN PABHOBECHS.
[TpoBepum paBHOBecue y3na 1: > X =40 —37,63 — 2,37 =0, nmpoBepKa BHIOIHSI-
eTcsl.
Mp1 He onpeneisiii ropu30HTaIbHbIE OonopHbIe peakuuu B onopax A u J1. Co-
riacHo 3mtope N oHu nosyunnuck (HarpasieHus Ha puc.3.9)
HA: 42,37 ; HD = 37,63

[IpoBeprM paBHOBECHE BCEW CUCTEMBI

Y>X=H,+Hpy—-0q2l =42,37 +37,63—80 =0, npoBepKa BBIMOIHSIETCS.

AHnasiornyHo BeipexeM y3ibl B u C Ha puc.3.10

40
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232 | 37,83 & 132,17
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s Beeit cuctemsl (puc.3.9)
> Y =Ra +Re + Rp =-30,05+ 465,61+ 32,17 — 67,73 =0,

IIPOBEPKA BBIIIOJIHIETCSL.

Y, =0 R, =67,73
SY, =0— R, = 65,61

3.2. YACTHBIE METO/IUKH PACKPBITUE CTATUYECKOI HEONPEJIEJIUMOCTH

Jns pacdeTa pa3nM4HBIX TUIIOB CTATUYECKU HEONMPEAECIUMBIX CUCTEM MpPUME-
HSIOT YacCTHbIE METOJUKHU PACKPBITUS CTaTUUYECKOW HEONpEeAeTMMOCTH, yI00HbIE
JUISL JAHHOTO THUIIA CUCTEM. PacueTr mpu noMoIy YaCTHOM METOJIMKH 3TO TOXKE pac-
4YeT METOJIOM CHJI, TOJBKO He B 0oOlIell mocTtaHoBKe. byneM nanee uist KpaTKOCTU
pacder B 0o0IIel NOCTaHOBKE Ha3bIBaTh Pacue€TOM METOJIOM CHJI, a PacyeThl Mpu
MOMOIIHM YaCTHBIX METOJUK Ha3bIBATh KaK OOIIETIPUHSTO.

Hpumep 1. XKectkuit 6pyc AB (puc.3.11), nedopmanusiMu KOTOPOro MOMKHO
npeHeOpeyb, MapHUPHO 3aKPEIUICH B y3i1€ A U yaepxkuBaetcs AByms Tsaramu C-1 u

C-2.

OnpenenuTs mIOWEAAbL HonepeyHoro ceuenus F npu [c]=160Mna.

h=4wm

q =10 xH/m

P1:20 kH
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Puc. 3.11

Pacuer meTonioM cuit. Cructema OMH pa3 CTaTUYECKU HEOIPEAEINMa,

511)61 + Alp = O

P2: 40 xkH

3
[IpumeM B KkauecTBE OCHOBHOT'O HemBec(r oro ycunue B Tsre C-2. OcCHOBHas CHC-
TE€Ma C HEU3BECTHBIMU X; 300paxkeHa Ha puc.3.12. J[nuHbI cTepKHEN U 1Ieun

YCUJINU:



l, = a’ +h? =5wm;

l, :1/(2a)2 +h? = 7,21 m;
a=53"10"; B=33°40';
hy =asina=2,4w;

h, =2asinf =332 m.

;ﬂ\\\\\\\

Puc. 3.12

VYcunue B crepxkne C-1 oT equHuyHOro 3arpyxenus (puc.3.13)

Ycunmue B crepxkae C-1 B Tpy30BOM COCTOSIHUM:
> M, =q3al5a+P5+P,(8+9)-N,h =0;

N, = 2—14 (45-32 +-100 + 680) = 493,75xH

IlepemHO)kaem 3m10peI MO NpaBuity Be-

peraruaa
Sy =111+ - 1381,1.38 = 1073,
EF EF EF
Ay, = L 493,75 1,1,38= 340687
. EF

c.3.12

[ToncraBnsiem B ({)

A1p  3406,875
o 16,73

=203,64xH =N,

P; ycuue B crepxHe C-2.
Ycunue B cTepKHE
C-1—>N;=N,+N,x =49375-

—1,38-203,64 = 212,73 xH.

Np=493,75

Puc.3.13

[To aTOMY YCHUITHIO M HY>KHO MOJ00paTh MOMEPEUHOE CEYCHUE CTEPIKHS

M _ %BOHZ —1330 MM?2 = 13,3 e
o] 160H/mm



Pacuer mpu moMornu ypaBHEHUS COBMECTHOCTH Tiepemerienuid. Jledopmmupo-
BaHHOE COCTOSIHME CUCTEMbI H300pakeHo Ha puc.3.14.

Puc.3.14

Tax kak Opyc AB MOeT TOJIbKO OBOPAUMBATHCS, TO U3 NI0J100US TPEYTOJIbHUKOB
(A1l u A22)

Ag = 2A1 (2)
OTO U €CTh YpaBHEHUE COBMECTHOCTH nepemenieHnii. 13 tpeyronsHukoB All n
A22
(tak kak 22' 1 2C, 11 11C)

Al, = A, sin B, Al = Aqsin .
[ToxcraBisiem B (2)

Al, 9 Al
sinf  sina
3)
ITo 3akony I'yka
; EF EF
nojicTaBysieM B (3)
Nol, 2 Nyl

EFsin ~ EFsina’
Ynpoumaem

5,768N, =554N; . (4)
CocraBnsiem AOIMOJIHUTCIIbHO YPABHCHNEC PABHOBCCHS:



S M, =q4,5a° +5P, +17P, —N;sinaa—Nsinp2a=0 wm
ZMA = q4,5a2 +5P1 +17P2 — Nlhl - N2h2 = O,
2,4N; +3,32N, =1185.
Pemenue coBmectHO ¢ (4) maér N; = 2119 kH, N, = 203,75 xH
Heboup1ioe HecoBnaieHUE PE3yNbTATOB C PACYETOM METOJO0M CHJI CIIEYET OTHE-
CTHU 3a CYET OKPYIVICHHUS.
IIpumep 2. OnpenenuTs U3 yCIOBHI MPOYHOCTH TPeOyeEMYIO TUIOAAb HOMepey-
HOrOo cedeHus F craipHOTO Opyca (puc.3.15), [8] = 160
Ra Ml Ia. [TocTpouTs 3m10py MPOAOIBHBIX
el nepemenieHuil. OnpenenuTs HanOOIbIIYIO(IIO a0COIIOT-
H HOM
BEJIMUMHE) OTHOCUTENBHYIO IPOJOJBHYIO ehopmaluio.
Pacuer meTonom cui. B onopax A u B Bo3HuKarort
1o OIOPHBIE PEAKIINH, & YPABHEHUE PABHOBECUS MOKHO
- COCTABUTH JIMIIB OJHO, IO3TOMY CHCTEMA OJUH pa3
5 CTaTUYECKU HEOoNpeaeauma

TUSIYT T O\
e
¢ z

Puc. 3.15
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DOKBUBAJICHTHAsI CHCTEMa, €IMHUYHAS U TPY30Basi dIIOPHI MPOJOIBHBIX CHUJT TTOKa-
3aHbl Ha puc.3.16.

X1 Txlzl
8y = 121142 1211= 1
EF 2EF EF
1
T
7 @ Alp P
xy=Ry=——"*_-"
5, 6
ie HH
=)

rrrrn [rrrrn rrrrrrr7

Puc. 3.16



OxonuarenbHas 3mtopa N nmokazana Ha puc.3.17. Onpenensem miomaab
nonepeuHoro ceuenus F.Ha Bepxaem ygacTtke

LI

[o] " 6[o]

SP = :2,5P

"~ 6[o] 6]

Hwxuuii yaacTok Hanbosiee HaAMpsHKEH

Ha HUKHEM YHaACTKC

2F

F -04172. ()

[o]
OnpenenseM yaJIMHEHUS
Y4aCTKOB:
BEPXHETO
NI P2l 1 PI

1
+—=P
6

Al =—= == ;
EF 6EF,, 3EF,
CpeTHETO
= [Pl _1 PI
5, ° BE2F, 12 EF,°
6
Puc.3.17

HuwxHero Al =——=———.
6E2F,, 12 EF,

[IpoBepsieM ycii0BUSI COBMECTHOCTH IEPEMELLICHU N
D AI=AlL + Al + Al :%-%:O
OK
CymMMapHoOe yUIMHEHHE U JOJKHO ObITh PABHO HYJIIO, TaK Kak pacctosinue AB He-
M3MEHHO — MPOBEPKA BBIMOIHIETCS. DMI0pa MPOJ0JIbHBIX MEPEMEILIEHUN TOCTPOe-
Ha puc.3.17.Tak kak HanOoJIbIIasi UHTEHCUBHOCTD MEPEMEIICHUI Ha HU)KHEM yda-
CTKE. 37IeCh Oy/1eT U HanboJbIas (1Mo adCOIOTHON BEJIMUUHE) OTHOCUTEIbHAS JIe-

dbopmarus.

[Tpu P =200 xH u3 (1)



3
F,. =0417 200-20%_ o1 w2 = 5,21 en?;
160

3

g2 520010° 1o
12-2-10°-521 12500

Pemenue IIpHu ITIOMOIIHU YPaBHCHUA COBMCCTHOCTHU HepeMemeHHﬁ. Ecnu B 3a-
JaHHOM cucteMe (puc.3.15) MBICIIEHHO OTOPOCHTh BEpXHEE 3aKPEILICHHE, 3aMEHHB
peakuueii R,, To cymmapHoe yuIMHeHHe OyIeT:

Al +Al +Al = Ra2l | Rl , (Ra —P)| .

EF 2EF 2EF
910 CYMMApPHOC YAIIMHCHUC JOJIZKHO OBITH PaBHO HYJIIO, TaK KaK B 3aﬂaHHOﬁ CHUC-
TCMC paCCTOAHUC AB Hen3zMeHHO

2RA+%RA+%-(RA—P)=O. 2)
DTO0 U €CTh YCIOBHE COBMECTUMOCTH MEPEMEIICHUM.
CocTaBisieM JIOTIOTHATEILHO YpaBHEHNUE PABHOBECHS
>Z=Rp+Rg—-P=0. (3)
Pemenue coBMecTHO ¢ (2) naét:

Pesynprar coBmnanmaer.

Pacuer meTonom cui. banka 3amemieHa Ha onope A ¥ UMEeT TPpH [AapHUPHO
MOJIBUYKHBIE OTIOPBI, 3HAYUT OHA TPHIK/BI CTaTHUECKH HeonpeaenuMma. [Ipu BeiOope
OCHOBHOM CHUCTEMBbI B KAYECTBE OCHOBHBIX HEM3BECTHBIX MPUHATHI U3rHOAIOLINE
MOMEHTHI Ha onopax. Bee samtopsl M (rpy30Basi U €TMHUYHBIE) B OCHOBHOM CHCTe-
Me MOCTPOEHBI KaK JIJIsi MPOCTHIX JBYXOMOPHBIX Oasiok. Hanmpumep rpy3oBas amtopa
st 6amku CD (puc.3.19).

IIpumep 3. J{ns Hepa3zpezHoi Oanku, n3oOpaxeHHou Ha puc.3.18, Tpedyercs no-
CTpouTh 3M0psl M 1 Q U onpenennTs BEIMUYUHY PACUETHBIX YCUIIHM.

3 1 2 1.3 1
M.=gC=E+3)L[=L+=E= + 2 L]-R. I, =0;
>M¢ Q(5+4)3[53+2(5+4) 3]- R 1,

3 1 7
R =O,701|; Mp=Rpl-—q| =+= |ls—1,=0;
c qls; > Mp Dl3 Q(S 4j3403
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=Rp +Re—q——l, =
7 N D C q203

i — (0,249 + 0,701 - 0,85)ql = 0.
q HpOBGpKa BBIITOJIHACTCA.
\ Ro
i KoaddummenTs! npr HEM3BECTHBIX U
Re CBOOOHBIC YJIEHBI CUCTEMbl YPaBHEHUI
C g » 3 Dg 1 onpenensaeM IEPEMHOKEHUEM DITIOP
—I5 e —1;| 1o npaBuny Bepemaruna (Ha yyacTtke
I <t HD
— 10 Gpopmyisie CUMIICOHA):
s.o 1,2 1L
2011~ o0sql? - YT EJ27'3 3EJ
2393 7 R T 11 11..2 11, 11
4] 8 1 1 2
Sop ==t 4 = Zq, 5221 -2
# 273F) EJ2 %3 3EJ 3EJ
, J 0,063
R+ la = 0,06q13
Puc. 3.19
1l 115 11..1 11 11.1 11
-2 4= 8.§5 -~ " -=-L1-§ — = “q|-==_2-
B73E) 3E) Y EJ2 '3 6E) B EJ2 '3 6EJ
_L(EE w2 5_11 1 E)_EM_ZL
A EJ\23 39 23 319 9EJ’
1 2 2 4 11 113 _.1.5 13
-~ (EME ————M N+ —(E=PlL=L, 2+ == P
Az EJ (3 319 23 ) EJ(216 2426216 2
%Iz %) = —(0,0556 MI, +0,0547 P15);
1 1 35,1, 1,13 11 11
- (2 PLIL =+ =Pl 21, 2)+—=-0,06ql2 2
Asp EJ(216 4 26 216 2422) Er2 odeghg ™
3l; 2 3
+ 0,06q12 +4 0,06q12 =) = ——(0,039PI2 +0,0196q13).
5-6EJ( ql; qls 0 EJ( 2 ql3)
IIpuaumaem:

l,=3m,1,=4 M, l3=5m, q=10 kH/™M, M =20 xH - M, P =30 kH,
TOor;a



1 2,333 3 05 0,667

8 :—’ =— :—’ =—, =—,
UWogp "2 gy "B TR T g BT By

6667, , 29592, 4322
™ gyt gy T gy
HOI[CT&BJIHCM 9TU 3HAUCHUS B CI/ICTCMy Tpex ypaBHeHI/Iﬁ

x1 + 0,5x; + 6,667 = 0;
0,5 x; + 2,333 x, +0,667x3 +29,592 = 0;
0,667 x; +3x3+ 43,22 =0.
B pesynbTate pemeHus noixydacm
X1 =-2,364 kH'm , x, = 8,605 , x3 =— 12,497.
ITo 3TuM TpeM 3HaueHusM Ha puc.3.20 uzo0paxeHa 3Mopa OMOPHBIX MOMEH-
TOB (BepXHUU MyHKTUP). OKOHYATENbHAS SI0pPa MOMEHTOB MOJYyY€HA CI0KEHUEM

ATOM SIIOPHI C TPY30BOI 3Mropoit (puc.3.18).
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[TpoBenem nedopmalMOHHYIO IPOBEPKY, IEPEMHOKUB OKOHUATEIBHYIO SIIOPY,
HaIpUMep, Ha dmtopy M 2. JIj1s 5T0ro COOTBETCTBYIOIIAS 4YaCTh OKOHYATEIBHON

AMIOPHI U 3M0pbl M 2 Ha puc. 3.20 uzo0paxeHsl MoApoOHEE.

M]\_lzl6,8l- 2ﬂ+£12,92 -1§+l19,92 -31—l2,36-23—£4,58-1Z—8,61
2 9 2 6 2 2 2 9 2 9

-1§ - 18,611E - 112,5 : 31 =18,1-18,116 = 0.
6 2 12 2 4

[IpoBepka BBINIOJIHSAETCS.
Pemrenne ¢ mnomMoIpl0 ypaBHEHHs TPEX MOMEHTOB.

D
xn—lln +2Xn(|n +|n+1)+xn+1|n+l: 6Rn ' (l)
re |, — ammHa J1eBoro ot omops N mposera; R - GUKTHBHAS OMOPHAS PEAKIUS

OT Harpy30K B COCEHUX MPOJIETAX OITOMY ISl TOM K€ OCHOBHOM CUCTEMBI
nepectpauBaeM smtopy M, (mposier CD) — puc. 3.21. [ns
Harpy3ku B iposete CD

3. 3
My=0=Il,—I,—R_l . =0;
> Mp q53103 cl3

Re 10> 5> —9xH.
5 10

NM:=7,5xkH "™

Puc.3.21

[Tpunss smtopy puc.3.21 3a Harpy3Ky, onpenesnsieM (PUKTUBHBIE OTIOPHBIC PEaKIIuu
Peaknns onoper A



>My= % 13,33-2-1,667 —%6,667 .1.0,667 — RY3=0;

R? :%(22,222 —2,222)=6,667.

Peakuus onopsr B
DM, = % 13,33-2- 1,333 — % 6,667-1-2,333 — R]feB3 =0;

R :% (17,773 -7,776) = 3,333;

M. =%22,5-1- 3,333+%22,5-3- 2-RP 4=0;

R.P :% (37,496 + 67,5) = 26,25;
R = RI® L R™ — 29 583,
Peakius onopsr C

SM, = % 22,5.1.0,667 + %22,5- 3.2 —RI® 4=0;

R :% (7,504 + 67,5)=15;

> Mp :%18°2°3,667 +%18-3-2+§11,25-3-1,5 —R5=0;

RIP = %(66 +54 +33,75) = 30,75;

R? =R ® + R = 45,75,

[Toxcrasnsiem 3tr 3Ha4eHUS B hopmyy (1)

2x13 +x,3=—-6"6,667,
x13 +2x> (3+4) +x34=-6"-29,583;
X2 4 +2X3 (4+5) - 7,5 =—6- 45,75

B pesynbrare pemenus nonydaeM X; = — 24,4 kH ; x, = — 8,454, x5 = —12,953.
Pe3ynpTaThl HEMHOTO OTJIMYAIOTCS OT NpeAblaymux. CTpouM 3aHOBO OKOHYATENb-
HYIO 3MI0PY MOMEHTOB (puc.3.22) v NPOU3BOAUM Ty ke Ae(POPMALIMOHHYIO ITPO-

BEPKY
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MM—l 6,89 - 2ﬂ 11292 1§ 11292 31—1 2,44 - 22—146612—
2 9 2 6 2 2 2 9 2 9

—8,45- 1§—1845 1E—l 12,95- 3— =18,135 —18,125 =0.
6 2 12 2

[IpoBepka BBINOJIHAETCS.
[TocTpouM smtopy nomnepednsix cuil (puc.3.23), HanpuMmep, Mo MOCIEIHEN FIope

MOMEHTOB. B niepBom miponere
d M 2 44 16,89

Q= 5 =467 xkH,
nim
Q=B84 _ 466 wi.
1
©
ver / 21,37 10,09 125
Qe
Ra= 4,67 : R 1871
Ry= 16,7 ( Ro=32,41
8,62 19,01

Puc. 3.23



Ha BTOopom yuactke

o 8,45 +12,92 2137,
Ha tperpem yuactke
o 12,92 43—12,92 __862.

[Tosy4rm pa3pbIB Ha AMIOpE
21,37 +8,62 =29,99 ~ 30 = P;.
[IpoBepka BBIMOTHSAETCS.

Ha yeTBépTOM yUacTke

12,95+7,23

Q= =10,00.

Ha msiToM yyacTke OT HaKJIOHA JTMHUH, COSTUHSIONIEH 3HAaUeHUsI MOMEHTOB Ha Tpa-
HULAX y4yacTka (puc.3,22)

Q=- 123+7,5 _ —4,91.
3
10,09
4,91 Ha 510 3HaueHNE HY’)KHO HAJOKHUTh
// smropy Q B mpocToii 6anke ¢ L =3 m
~e
Y N ql 10-3
N [T o 2

B pe3ynbTaTe Ha rpaHuIle YETBEPTOTO U MATOTO YYACTKOB HE MOIYYHIOCH
pa3pbiBa, 4TO U JOJHKHO ObITh. [IpoBepka BBITOIHSAETCS.
Pa3pbIBBI HA OmOpax — ONOPHBIE PEAKLMHU, KOTOPBIE MBI OTAEIBHO HE ONpeJie-

asumi. O’ 0003HAYeHBI Ha puc. 3.23.

[IpoBepuM paBHOBECHE BCel OaIKu
ZY =R, +R;—P+R, —q(g+%jlg + R, =4,67+16,7-30+
+18,71-43,75+32,41~0.

IIpoBepka BINIOIHAETCS.

PacuérnbiM 3HaueHneM usrubaromero MomeHta Oyner M = 13,11 kHm. Msb1 He
OTIPEACTUIN MaKCUMAJIbHOE 3HAYEHUE MOMEHTA B TPEThEM MPOJIETE, HO OHO OyJeT
MeHbIIe. PacuéTHpiM 3HaueHHeM nornepeunoil cuibl Oyner Q = 21,37 kH. Tax kax
00a 3TH 3HAYEHUS B OJJHOM CEUEHHH, TO JPYTHE CEUCHHUSI IPOBEPATH HE HYXKHO.






